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.H\ZRUGV &ROODERUDWLYH3URFHVV)OH[LELOLW\9HUVLRQ9&30




VXSSRUW WKH PRGHOOLQJ RI IOH[LEOH FROODERUDWLYH SURFHVVHV )LUVW LW LQWURGXFHV WKH 9%30 PHWDPRGHO
9HUVLRQ RI %3 PHWDPRGHO VXSSRUWLQJ WKH PRGHOOLQJ RI IOH[LEOH LQWHUQDO i.e. LQWUDRUJDQL]DWLRQDO
SURFHVVHVDQGWKHQH[SODLQVKRZWRH[WHQGLWWRGHILQHWKH9&30PHWDPRGHO9HUVLRQRI&ROODERUDWLYH
3URFHVVHVPHWDPRGHO WRGHVLJQ IOH[LEOHFROODERUDWLYHSURFHVVHVZKLFKFRUUHVSRQG WRSURFHVVHVFURVVLQJ




DZDUH LQIRUPDWLRQ V\VWHPV KDYH WR DGGUHVV EHIRUH
WKHLU GHILQLWLYH DFFHSWDQFH DQG XVH LQ FRPSDQLHV
5HLFKHUW DQG:HEHU  7KLV LVPDLQO\ GXH WR
WKHPRUH DQGPRUH G\QDPLF RSHQ DQG FRPSHWLWLYH
FRQWH[W LQ ZKLFK FRPSDQLHV RSHUDWH ZKLFK OHDG
WKHPWRIUHTXHQWO\FKDQJHERWKWKHLUFHQWUDOL]HGDQG
FROODERUDWLYH SURFHVVHV ,QGHHG FKDQJH VXSSRUW LV
LPSRUWDQW IRU SURFHVVHV UXQQLQJ ZLWKLQ D VLQJOH
FRPSDQ\EXWDOVRIRU&ROODERUDWLYH3URFHVVHV&3V
FURVVLQJ WKH ERXQGDULHV RI FRPSDQLHV 0RUH
SUHFLVHO\ D &3 LV a set of independent processes, 
where several partners are involved in one global 
process and each partner has its own process$DOVW

5HLFKHUW DQG :HEHU  KDYH SURSRVHG D
WD[RQRP\ IRU SURFHVV IOH[LELOLW\ 7KLV WD[RQRP\
VHUYHVDVDEDVLVIRUHYDOXDWLQJWKHDELOLW\RIV\VWHPV
DQG PRGHOV WR VXSSRUW ERWK FHQWUDOL]HG DQG
FROODERUDWLYH SURFHVV IOH[LELOLW\ 0RUH SDUWLFXODUO\
WKLVWD[RQRP\LGHQWLILHVIRXUW\SHVRIIOH[LELOLW\L
flexibility by variability IRU UHSUHVHQWLQJ D SURFHVV
GLIIHUHQWO\ GHSHQGLQJ RQ WKH FRQWH[W RI LWV
H[HFXWLRQLLflexibility by adaptationIRUKDQGOLQJ
RFFDVLRQDO VLWXDWLRQV RU H[FHSWLRQV ZKLFK KDYH QRW
EHHQ QHFHVVDULO\ IRUHVHHQ LQ SURFHVV VFKHPDV LLL
flexibility by evolution IRU KDQGOLQJ FKDQJHV LQ
SURFHVVHV ZKLFK UHTXLUH RFFDVLRQDO RU SHUPDQHQW
PRGLILFDWLRQV LQ WKHLU VFKHPDV DQG ILQDOO\ LY
flexibility by looseness IRU KDQGOLQJ NQRZOHGJH
LQWHQVLYHSURFHVVHVZKRVHVFKHPDVDUHQRWNQRZQD
SULRUL DQG ZKLFK FRUUHVSRQG WR QRQUHSHDWDEOH





DSSURDFK DQG WKH YHUVLRQEDVHG DSSURDFK ,Q WKH
YDULDQWEDVHG DSSURDFK WKH PDLQ QRWLRQ LV WKH
QRWLRQRIYDULDQWZKLFKLVDQDGMXVWPHQWDWUXQWLPH
RI D SURFHVV VFKHPD 5RVHPDQQ DQG $DOVW 
+DOOHUEDFK et al.  7KLV DSSURDFK PDLQO\
GHDOVZLWKIOH[LELOLW\E\YDULDELOLW\ZKLFKLVRQHRI
WKH IRXU W\SHV RI IOH[LELOLW\ LQWURGXFHG LQ 5HLFKHUW
DQG:HEHU   ,Q WKH YHUVLRQEDVHG DSSURDFK
WKH QRWLRQ RI YHUVLRQ KDV EHHQ LQWURGXFHG IRU
FDSWXULQJSURFHVVFKDQJHVRYHUWLPH=KDRDQG/LX,
 'DGDP DQG 5HLFKHUW  &KDkEDQH,
7KLVDSSURDFKLVLQWHUHVWLQJVLQFHLWDGGUHVVHV
IOH[LELOLW\ E\ HYROXWLRQ DV WKH GLIIHUHQW VLJQLILFDQW
FKDQJHV RQ SURFHVVHV DUH PRGHOOHG ZLWKLQ SURFHVV
YHUVLRQVIOH[LELOLW\E\YDULDELOLW\VLQFHLWLVSRVVLEOH
WR PRGHO DOWHUQDWLYH YHUVLRQV GHSHQGLQJ RQ WKH
FRQWH[W DQG IOH[LELOLW\ E\ DGDSWDWLRQ LI DGDSWDWLRQ
FDQEHGHILQHGDWGHVLJQWLPH
3URFHVV IOH[LELOLW\ KDV EHHQ OHVV LQYHVWLJDWHG LQ
WKHFRQWH[WRI&3V,QVXFKDFRQWH[WIOH[LELOLW\PD\
EHUHODWHGWRWKHDYDLODELOLW\RILQYROYHGSURFHVVHVRU
WR WKH XSGDWH RI VFKHPD FROODERUDWLRQ 5HVHDUFK
HIIRUWV DERXW &3 IOH[LELOLW\PDLQO\ DGGUHVV SURFHVV
DYDLODELOLW\ LQ WKH FRQWH[W RI G\QDPLF LQWHU
RUJDQL]DWLRQDO SURFHVVHV '\QDPLF LQWHU
RUJDQL]DWLRQDOSURFHVVHVUHIHUWRSURFHVVHVZKHUHWKH
GLIIHUHQW SDUWQHUV LQYROYHG DUH QRW QHFHVVDULO\
NQRZQ DW GHVLJQWLPH RU FDQ HYROYH DW UXQWLPH
&KHEEL et al.,  $QGRQRII et al.,  7KH
SURYLGHG VROXWLRQV VXSSRUW ILQGLQJ QHZ SDUWQHUV
RIIHULQJ UHTXHVWHG VHUYLFHV DORQJZLWK QHJRWLDWLRQ
FRQWUDFWLQJ DQG VHUYLFH H[HFXWLRQ LQ VHSDUDWH RU
FRPSUHKHQVLYHIUDPHZRUNV
7KHPDLQFRQWULEXWLRQVDGGUHVVLQJWKHXSGDWHRI
&3 VFKHPDV KDYH EHHQ GRQH LQ WKH 62$ FRQWH[W
%RXNKHGRXPDet al.,D%RXNKHGRXPDet al., 
E 7KHVH FRQWULEXWLRQV PDLQO\ FRQVLGHU
FKDLQHGH[HFXWLRQDQGVXEFRQWUDFWLQJ&3VDQGWKH\
SURYLGH VRPH SDWWHUQV IRU VHUYLFH DGDSWDWLRQ 7KH\
GHDOZLWK&3V IOH[LELOLW\E\HYROXWLRQRQO\NHHSLQJ
WKH ODVW &3 VFKHPD EXW WKH\ GR QRW DGGUHVV
IOH[LELOLW\ E\ YDULDELOLW\ DQG IOH[LELOLW\ E\
DGDSWDWLRQ
7KHUHIRUH WKLV SDSHU DGGUHVVHV &3 IOH[LELOLW\
LVVXHIRFXVLQJRQWKHXSGDWHRI&3VFKHPDV WDNLQJ
LQWR DFFRXQW QRW RQO\ FKDLQHG H[HFXWLRQ DQG
VXEFRQWUDFWLQJ &3V EXW DOVR ORRVHO\ FRXSOHG &3V
$DOVW,WDGYRFDWHVDYHUVLRQEDVHGDSSURDFK
DVYHUVLRQVDUHNQRZQWREHDSRZHUIXOWHFKQLTXHWR





FRQWULEXWLRQ IRU PRGHOOLQJ FHQWUDOL]HG SURFHVV
IOH[LELOLW\ XVLQJ WKH YHUVLRQLQJ WHFKQLTXH DQG
FRQVLGHULQJ WKH PDLQ SHUVSHFWLYHV RI SURFHVVHV
0RUHRYHU IOH[LEOH FHQWUDOL]HG SURFHVVHV PRGHOOHG
DV LQVWDQFHV RI 9%30 FDQ EH JUDSKLFDOO\
YLVXDOL]HGVLPXODWHGDQGYDOLGDWHG%HQ6DLGet al.
(OORX]Het al.8QIRUWXQDWHO\9%30
GRHV QRW DGGUHVV WKH IOH[LELOLW\ RI &3V 7KXV ZH
SURSRVH9&30 9HUVLRQRI&ROODERUDWLYH3URFHVV
0HWD 0RGHO DQ H[WHQVLRQ RI 9%30 VXSSRUWLQJ
WKHPRGHOOLQJRIYHUVLRQVRI&3V
7KLV SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ 
LQWURGXFHV WKH EDFNJURXQG RI WKH SDSHU i.e., WKH
YHUVLRQ FRQFHSW DQG WKH 9%30 PHWDPRGHO IRU
PRGHOOLQJ IOH[LEOH FHQWUDOL]HG SURFHVVHV 6HFWLRQ 
SUHVHQWV WKH QHFHVVDU\ FRQFHSWV IRU &3V DQG
LOOXVWUDWHVWKHVHFRQFHSWVZLWKLQWKHSubsea Pipeline 
&3 H[DPSOH WKDW ZLOO EH XVHG WKURXJKRXW WKH
UHPDLQGHURIWKHSDSHU6HFWLRQLVGHGLFDWHGWRWKH
SUHVHQWDWLRQRI9&30DQH[WHQVLRQRI9%30IRU
IOH[LEOH &3V PRGHOOLQJ XVLQJ YHUVLRQV 0RUH
SUHFLVHO\ WKLVVHFWLRQ LQWURGXFHV WKH9&30PHWD
PRGHODQG LOOXVWUDWHVKRZWRPRGHO WZRYHUVLRQVRI
WKH6XEVHD3LSHOLQHH[DPSOHE\LQVWDQWLDWLRQRIWKLV
PHWDPRGHO )LQDOO\ VHFWLRQ  UHFDSV RXU





3URFHVV 0HWD0RGHO RXU SUHYLRXV FRQWULEXWLRQ
VXSSRUWLQJ IOH[LEOH FHQWUDOL]HG SURFHVV PRGHOOLQJ
&KDkEDQH  +RZHYHU WKLV VHFWLRQ IRUHPRVW
LQWURGXFHV WKH QRWLRQ RI YHUVLRQ DV LW LV GHILQHG LQ








GRQH E\ GHULYDWLRQ IURP D SUHYLRXV RQH 6XFK
YHUVLRQV DUH FDOOHGGHULYHGYHUVLRQV'HULYHG HQWLW\
YHUVLRQVDUHOLQNHGE\DGHULYDWLRQOLQNWKH\IRUPD
GHULYDWLRQ KLHUDUFK\ 0RUHRYHU VHYHUDO YHUVLRQV
PD\ EH GHULYHG IURP WKH VDPH SUHYLRXV RQH 7KH\
DUHFDOOHGDOWHUQDWLYHYHUVLRQVRUYDULDQWV
:H GHIHQG WKDW WKH QRWLRQ RI YHUVLRQ VXEVXPHV
WKHQRWLRQRIYDULDQWZKLFKUDWKHUFRUUHVSRQGVWRWKH
GLIIHUHQW µDOWHUQDWLYH¶VWDWHVi.e. VWDWHVUHSUHVHQWLQJ
FKRLFHV DQ HQWLW\ PD\ KDYH GXULQJ LWV OLIH F\FOH
:KHQ FRQVLGHULQJ YHUVLRQV ZH DOVR PRGHO
µHYROXWLRQDU\¶ VWDWHV i.e. VWDWHV UHSUHVHQWLQJ WKH
HYROXWLRQ RI DQ HQWLW\ LQGHSHQGHQWO\ IURP DQ\
FKRLFH LQ DGGLWLRQ WR WKH µDOWHUQDWLYH¶ RQHV 7KXV
ZLWK XVLQJ YHUVLRQV LW LV SRVVLEOH WR DGGUHVV
IOH[LELOLW\ E\ HYROXWLRQ DV WKH GLIIHUHQW VLJQLILFDQW
FKDQJHV RQ SURFHVVHV DUH PRGHOOHG ZLWKLQ SURFHVV
YHUVLRQVIOH[LELOLW\E\YDULDELOLW\VLQFHLWLVSRVVLEOH
WR PRGHO DOWHUQDWLYH YHUVLRQV GHSHQGLQJ RQ WKH
FRQWH[W DQG HYHQ IOH[LELOLW\ E\ DGDSWDWLRQ LI
DGDSWDWLRQFDQEHGHILQHGDWGHVLJQWLPH
 9%30





7KLV PHWDPRGHO KDV WKH IROORZLQJ IHDWXUHV LW
VXSSRUWVWKHPRGHOOLQJRIWKHILYHPDLQSHUVSHFWLYHV
RI SURFHVVHV DQG DV GHIHQGHG LQ &KDkEDQH et al.,
LWLVVLPSOHDVLWRQO\GHILQHVWKHFRUHEDVLF
FRQFHSWVRIHDFKRIWKHVHSHUVSHFWLYHV0RUHRYHULW
GLVWLQJXLVKHG EHWZHHQ YHUVLRQDEOH FODVVHV i.e.
FODVVHV IRU ZKLFK ZH KDQGOH YHUVLRQV ZKLFK DUH
YLVXDOL]HGLQJUH\IURPQRUPDOFODVVHVi.e.FODVVHV
IRU ZKLFK ZH GR QRW KDQGOH YHUVLRQV ZKLFK DUH
YLVXDOL]HGLQZKLWH
7KH PDLQ FRQFHSWV RI 9%30 DUH Process
ActivityControl PatternOperation Informational 
Resource DQG Role $ SURFHVV SHUIRUPV DFWLYLWLHV
ZKLFKFDQEHDWRPLFRUFRPSRVLWH7KHILUVWDFWLYLW\
RI D SURFHVV LV H[SOLFLWO\ OLQNHG WR LW YLD WKH
start_with_CA RU start_with_AA UHODWLRQVKLSV DQG
WKH QH[W DFWLYLWLHV DUH IRXQG YLD WKH
is_composed_of_CA RU is_composed_of_VAA
UHODWLRQVKLSV$ FRPSRVLWH DFWLYLW\ LV FRPSRVHG E\
RWKHUDFWLYLWLHVZKLFKPD\EH LQ WXUQFRPSRVLWHRU
DWRPLF DQG ZKLFK DUH FRRUGLQDWHG E\ FRQWURO
SDWWHUQV&RQWUROSDWWHUQPD\EHFRQGLWLRQDOe.g.LI
ZKLOH HWF RU QRW e.g. VHTXHQFH IRUN HWF $Q
DWRPLF DFWLYLW\ H[HFXWHV RQH RU VHYHUDO RSHUDWLRQV
IURP WKH RSHUDWLRQ SHUVSHFWLYH ,W KDV D VWDUW
FRQGLWLRQ SUHFRQGLWLRQ ILQDO FRQGLWLRQV SRVW
FRQGLWLRQV DQG PDQLSXODWHV i.e. FRQVXPHV DQGRU
SURGXFHV LQIRUPDWLRQDO UHVRXUFHV IRUP WKH
LQIRUPDWLRQDO SHUVSHFWLYH $Q DWRPLF DFWLYLW\ LV
SHUIRUPHG E\ UROH ZKLFK FDQ EH SOD\HG E\ DFWRUV
EHORQJLQJ WR RUJDQL]DWLRQDO XQLW IURP WKH
RUJDQL]DWLRQDOSHUVSHFWLYH
0RUHRYHU D YHUVLRQLQJ SDWWHUQ LV LQWURGXFHG WR
PDNHVRPHFODVVHVRI9%30YHUVLRQDEOHi.e.,DEOH
WR KDQGOH YHUVLRQV )RU HDFK RI WKHVH FODVVHV WKH
YHUVLRQLQJ SDWWHUQ SHUPLWV WR PRGHO ERWK HQWLW\ RI
WKH YHUVLRQDEOH FRQFHSW e.g. Process DQG
FRUUHVSRQGLQJYHUVLRQVe.g.Version of Process,Q
DGGLWLRQ WZR UHODWLRQVKLSV DUH LQWURGXFHG L WKH
is_version_of UHODWLRQVKLS OLQNV D YHUVLRQDEOH
FRQFHSWZLWKLWVFRUUHVSRQGLQJYHUVLRQVDQGLLWKH
derived_from UHODWLRQVKLS GHVFULEHV YHUVLRQ
GHULYDWLRQ KLHUDUFK\ EHWZHHQ YHUVLRQV RI D VDPH
YHUVLRQDEOH FRQFHSW 7KLV ODWHU UHODWLRQVKLS LV
UHIOH[LYH DQG WKH VHPDQWLF RI WKH ERWK VLGHV RI WKH
UHODWLRQVKLS DUH D YHUVLRQ 69 VXFFHHGV DQRWKHU
RQH LQ WKHGHULYDWLRQKLHUDUFK\ DQG DYHUVLRQ 39
SUHFHGHVDQRWKHURQHLQWKHGHULYDWLRQKLHUDUFK\
5HJDUGLQJ YHUVLRQDEOH FRQFHSWV 9%30
SURSRVHV WRPRGHO YHUVLRQV IRU FRQFHSWV EHORQJLQJ
WR WKH ILYHSHUVSHFWLYHVRISURFHVVHV7KH LGHD LV WR
NHHSFKDQJHKLVWRU\IRUHDFKFRQFHSWLQYROYHGLQWKH
GHVFULSWLRQ RI WKH ZD\ EXVLQHVV LV FDUULHG RXW
7KHUHIRUH WKH YHUVLRQLQJ SDWWHUQ LV XVHG WR PRGHO
YHUVLRQV RI WKH IROORZLQJ FRQFHSWV 3URFHVV
$FWLYLW\ 2SHUDWLRQ ,QIRUPDWLRQDO UHVRXUFH 5ROH
DQG 2UJDQL]DWLRQDO 8QLW UHVSHFWLYHO\ EHORQJLQJ WR
WKHSURFHVVIXQFWLRQDORSHUDWLRQLQIRUPDWLRQDODQG
RUJDQL]DWLRQDOSHUVSHFWLYHVRISURFHVVHV&KDkEDQH
 GHIHQGV WKH LGHD WKDW YHUVLRQLQJ WKHVH
FRQFHSWV LV HQRXJK WR JXLGH FRPSDQLHV IDFLQJ WKH





)LUVW WKLV VHFWLRQ LQWURGXFHV WKH PDLQ FRQFHSWV RI
&3V DQG WKHQ LOOXVWUDWHV WKHVH FRQFHSWV ZLWKLQ WKH
6XEVHD 3LSHOLQH &3 IURP WKH 736 7XQLVLDQ
SHWUROHXPFRPSDQ\
 &RQFHSWVIRU&3V
$V LQGLFDWHG LQ WKH LQWURGXFWLRQ D &3 LV D VHW RI
LQGHSHQGHQWSDUWQHUSURFHVVHVLQWHUDFWLQJWRJHWKHUWR
UHDFK D FRPPRQ JRDO FRUUHVSRQGLQJ WR D YDOXH
DGGHGVHUYLFH6XFKDSURFHVV LVQRW LQFRQWURORID
VLQJOHSDUWQHUSURFHVV LW LVHQDFWHGE\ WKHGLIIHUHQW
SDUWQHU SURFHVVHV LQYROYHG LQ WKH FROODERUDWLRQ
7KHVH SDUWQHU SURFHVVHV PD\ EHORQJ WR RQH RU
VHYHUDO FRPSDQLHV ,I WKH\ EHORQJ WR D VLQJOH
FRPSDQ\ZH DUH LQ DQ LQWUDRUJDQL]DWLRQDO FRQWH[W
FHQWUDOL]HG FRQWH[W ZKLOH LI WKH\ EHORQJ WR
GLIIHUHQWFRPSDQLHVZHDUHLQDQLQWHURUJDQL]DWLRQDO
SURFHVV FRQWH[W FROODERUDWLYH SURFHVV FRQWH[W
FURVVLQJWKHERXQGDULHVRIHDFKFRPSDQ\
,Q D&3 WKH GLIIHUHQW SDUWQHU SURFHVVHV SOD\LQJ
GLIIHUHQW UROHV LQ WKH FROODERUDWLRQ H[FKDQJH
PHVVDJHV ZKLFK FRUUHVSRQG WR V\QFKURQLVDWLRQ
DFWLYLWLHV EHWZHHQ WKHP $DOVW  7KXV ZH
GLVWLQJXLVK WKH DFWLYLWLHV VXSSRUWLQJ PHVVDJH
H[FKDQJH FDOOHG SXEOLF DFWLYLWLHV IURP WKH RQHV
ZKLFK GR QRW VXSSRUW PHVVDJH H[FKDQJH 3XEOLF
DFWLYLWLHVGHILQHKRZWKHGLIIHUHQWSDUWQHUSURFHVVHV
LQWHUDFW WRJHWKHU VRPH RI WKHP FRUUHVSRQG WR WKH
VHQGLQJRIPHVVDJHVZKLOHRWKHUVFRUUHVSRQGWR WKH
UHFHLYLQJRIPHVVDJHV2WKHUDFWLYLWLHVFRUUHVSRQGWR
private DFWLYLWLHV WKH\ DUH SHUIRUPHG WR DFKLHYH D
VSHFLILF JRDO ZLWKLQ D SDUWQHU SURFHVV WKH\
FRUUHVSRQGWRSLHFHVRIZRUNRIWKHSDUWQHUSURFHVV
&RQVHTXHQWO\ IRU HDFK SDUWQHU SURFHVV ZH
GLVWLQJXLVK EHWZHHQ SXEOLF DQG SULYDWH SURFHVVHV
&KHEEL HW DO.,  D public process JDWKHUV WKH
SXEOLF DFWLYLWLHV i.e. WKH VHQG DQG UHFHLYH DFWLYLWLHV
RI WKH FRQVLGHUHG SDUWQHU SURFHVV ZKLOH D private 
process JDWKHUV WKH SULYDWH DFWLYLWLHV RI WKH





SDUWQHU DQG RI WKH SXEOLF SURFHVVHV RI WKH RWKHU
SDUWQHUV WR ZKLFK WKH FRQVLGHUHG SDUWQHU GLUHFWO\
LQWHUDFWV )LQDOO\ZH GHILQH WKHglobal view RI WKH
ZKROH&3DVWKHPHUJHRIDOOWKHSXEOLFSURFHVVHVRI
WKH LQYROYHG SDUWQHU SURFHVVHV 7KH VHFWLRQ EHORZ





736 ZKLFK QHHGV WR UHSODFH DQ\ RQH RI LWV ROG
GDPDJHGVXEVHDSLSHOLQHDQG6$5267ZKLFKZLOO
EH VROLFLWHG IRU WKLV UHSODFHPHQW 7KH &3 LV WKH
IROORZLQJ
7KH SHWUROHXP FRPSDQ\ 736 LQLWLDWHV WKH
SURFHVV DQG SUHSDUHV D 7HQGHU 6SHFLILFDWLRQV 76
GHVFULELQJ WKH UHTXHVWHG SLSHOLQH UHSODFHPHQW DQG
VXEPLWV LW WR 6$5267 D FRPSDQ\ VSHFLDOL]HG LQ
VXEVHD SLSHOLQH LQVWDOOLQJ DQG PDLQWHQDQFH 7KHQ
6$5267FDUULHVRXWDIHDVLELOLW\VWXG\DQGDQVZHUV
HLWKHULQDSRVLWLYHZD\VHQGLQJEDFNWR736DTXRWH
IRU WKH SLSHOLQH UHSODFHPHQW RU LQ D QHJDWLYH ZD\
H[SODLQLQJ ZK\ LW UHIXVHV WR GR WKH UHTXHVWHG MRE
:KHQ WKH TXRWH LV UHFHLYHG DQG DFFHSWHG E\ 736
WKHQLWSUHSDUHVDQRUGHUIRUUHSODFHPHQWDQGVHQGVLW
EDFN WR 6$5267 ZKLFK SURFHHGV WR WKH VXEVHD




QH[W DFWLYLW\ LV WKH OD\LQJ RI SLSHV RIIVKRUH E\ WKH
GLYHUV )LQDOO\ ZKHQ WKH LQVWDOODWLRQ LV RYHU WHVWV






7R LOOXVWUDWH WKH FRQFHSWV LQWURGXFHG LQ VHFWLRQ
 ZLWKLQ WKH 6XEVHD 3LSHOLQH H[DPSOH ZH JLYH
EHORZWKHSURFHVVRI736LQ)LJXUHWKHORFDOYLHZ
RI WKH FROODERUDWLRQ IRU 736 LQ )LJXUH  DQG WKH
JOREDO YLHZ RI WKH FROODERUDWLRQ IRU ERWK 736 DQG
6$5267 LQ)LJXUH 7KH%301QRWDWLRQ 20*
LVXVHGWRLOOXVWUDWHWKHVHFRQFHSWV
6HFWLRQEHORZGHDOVZLWKPRGHOOLQJRIYHUVLRQV
RI FROODERUDWLYH SURFHVVHV XVLQJ 9&30 DQ
H[WHQVLRQ RI 9%30 WDNLQJ LQWR DFFRXQW &3
FRQFHSWV 7R LOOXVWUDWH &3 YHUVLRQ PRGHOOLQJ ZH











RI WHQGHU VSHFLILFDWLRQV SUHSDUDWLRQ WR D FRQVXOWLQJ
RIILFH 7KXV WKH QHZ &2II &RQVXOWLQJ 2IILFH
SDUWQHU LV DGGHG DQG WKH 736¶V SULYDWH DFWLYLW\
Prepare TS LVUHSODFHGZLWKSXEOLFDFWLYLWLHVDVNLQJ
&2II WR SUHSDUH WKH WHQGHU VSHFLILFDWLRQ DQG
UHFHLYLQJ WKH UHVXOW RI WKLV SUHSDUDWLRQ )URP WKH
&2II SRLQW RI YLHZZH KDYH WZR SXEOLF DFWLYLWLHV
receiving a tender specification requestDQGsending 
the prepared tender specification 1RWH WKDW WKH





7KH JOREDO YLHZ RI WKLV VHFRQG FROODERUDWLYH






7KLV VHFWLRQ SUHVHQWV WKH 9&30 PHWDPRGHO IRU
PRGHOOLQJIOH[LEOH&3V,WDOVRLOOXVWUDWHVKRZWRXVH
WKH PHWDPRGHO WR GHILQH WKH WZR YHUVLRQV RI WKH
6XEVHD3LSHOLQH&3
 7KH9&300HWDPRGHO
)LJXUH  EHORZ SUHVHQWV WKH QHZ REWDLQHG PHWD
PRGHO LQ WHUPV RI 80/ FODVVHV DQG UHODWLRQVKLSV
$GGHG FODVVHV WR 9%30 DUH LQ JUH\ ZKLOH DGGHG
UHODWLRQVKLSVDUHLQEOXH
7KH DGGHG FRQFHSWV LQ 9&30 DUH
&ROODERUDWLRQ 0HVVDJH 3DUWQHU 5ROH 3XEOLF




WKH FROODERUDWLRQ ,Q WKH VDPH YHLQ SXEOLF DQG
SULYDWH SURFHVVHV DUH QRW UHSUHVHQWHG ZLWKLQ D
VSHFLILF FRQFHSW DV WKH\ FDQ EH GHGXFHG IURP WKH
SXEOLF DQG SULYDWH DFWLYLWLHV RI WKH FRUUHVSRQGLQJ
SURFHVV

)LJXUH  9&30 IRU 0RGHOOLQJ )OH[LEOH &3V XVLQJ
9HUVLRQV
)LUVWZHKDYHH[WHQGHG9%30ZLWKWKHFRQFHSWRI
HYHQW ZKLFK LV HVVHQWLDO IRU PRGHOOLQJ ERWK LQWUD
RUJDQL]DWLRQDO DQG FROODERUDWLYH SURFHVVHV ,QGHHG
HYHQWVGHILQHZKHQSURFHVVHVRUDFWLYLWLHVKDYHWREH
H[HFXWHG 9%30 PRGHOV WKLV GLPHQVLRQ RQO\
FRQVLGHULQJ DYDLODELOLW\ RI LQIRUPDWLRQDO UHVRXUFHV
&KDkEDQHEXWLWLVXQGHQLDEOHWKDWWKHHYHQW
QRWLRQ LV EURDGHU DQG KDV WR EH LQWURGXFHG LQ WKH
PHWDPRGHODVDILUVWFODVVFLWL]HQFRQFHSW7KXVZH
LQWURGXFHG WKH QRWLRQV RI HYHQW DQG RI YHUVLRQ RI
HYHQW WKLV ODWWHU EHLQJ LQWURGXFHG WR PRGHO WKH
GLIIHUHQW ZD\V DQ HYHQW FDQ EH FRQFUHWL]HG LQ D
SURFHVV :H FRQVLGHU WZR VSHFLILF SURSHUWLHV IRU
YHUVLRQVRIHYHQWVLWVVHPDQWLFVDQGZKHQLWRFFXUV
0RUHSUHFLVHO\DQHYHQWPD\EHDtemporalHYHQWD
message HYHQW DQ exception HYHQW D cancelation
HYHQWDnoneHYHQWZLWKRXWDQ\VSHFLILFVHPDQWLFV
2Q WKH RWKHU VLGH DQ HYHQW PD\ RFFXU DW WKH
EHJLQQLQJRISURFHVV H[HFXWLRQ LW LV Dstart HYHQW
DW WKHHQGRISURFHVVH[HFXWLRQLW LVDQendHYHQW
RULWPD\RFFXULQWKHFRXUVHRISURFHVVH[HFXWLRQLW
LV DQ intermediate HYHQW ,Q DGGLWLRQ D PHVVDJH
HYHQW FDQ DOVR UHIHU WR DQ LQIRUPDWLRQ UHVRXUFH
DWWDFKHGWRWKHPHVVDJH$VDFRQVHTXHQFHRIHYHQW
DQGYHUVLRQRIHYHQWQRWLRQVZHLQWURGXFHGWKHFODVV
Component DV D VXSHU FODVV RI WKH FODVVHVActivity
DQG Event DORQJ ZLWK WKH UHODWLRQVKLS
is_composed_of WRPRGHOWKHSURFHVVDQGIXQFWLRQDO
SHUVSHFWLYHVRISURFHVVYHUVLRQV
7KHQ ZH KDYH DGGHG QHZ FRQFHSWV WR PRGHO
YHUVLRQVRI&3V:HKDYHGHILQHGWKHFODVVHVPrivate 
Atomic Activity DQG Public Atomic Activity DV
VXEFODVVHV RI Version of Atomic Activity WR PRGHO
YHUVLRQV RI SXEOLF DQG SULYDWH DFWLYLWLHV IRU
SURFHVVHV 5HJDUGLQJ FROODERUDWLRQV ZH KDYH
LQWURGXFHGWKHFODVVHVCollaborationDQGVersion of 
Collaboration ,Q DGGLWLRQ FROODERUDWLRQV LQYROYH
WZRRUPRUHSDUWQHUSURFHVVHVHDFKSOD\LQJDUROHLQ
WKH FROODERUDWLRQ 7KLV LV GHVFULEHG ZLWKLQ WKH
UHODWLRQVKLSinvolveDQGWKHDVVRFLDWLYHFODVVVersion 
of Partner Role GHILQHG DV D VXEFODVV RI WKH FODVV
Version of Role)LQDOO\FROODERUDWLRQVDUHDFKLHYHG
E\ H[FKDQJH RI PHVVDJHV i.e., E\ VHQGLQJ DQG
UHFHLYLQJPHVVDJHV7KXVZH LQWURGXFHG WKHFODVVHV
Message DQG Version of Message 0RUH SUHFLVHO\
SXEOLF DWRPLF DFWLYLWLHV DUH VRXUFH RU WDUJHW RI
PHVVDJHVUHSUHVHQWHGXVLQJWKHreceive DQGWKHsend 
UHODWLRQVKLSV (DFK PHVVDJH PD\ UHIHU WR RQH RU
PRUHLQIRUPDWLRQDOUHVRXUFHV
7R VXP XS ZH PDQDJH YHUVLRQV IRU RQO\
FROODERUDWLRQV PHVVDJHV DQG UROHV WKDW SDUWQHU
SURFHVVHVSOD\LQFROODERUDWLRQV,QGHHGZHKDYHWR
NHHS FKDQJHV KLVWRU\ UHSUHVHQWLQJ ERWK HYROXWLRQ
DQGYDULDELOLW\ WRGHILQHWKHZD\FROODERUDWLRQVDUH
PRGLILHGDFFRUGLQJWRWKHPRYLQJHFRQRPLFFRQWH[W
LQZKLFK SDUWLFLSDWLQJ SDUWQHUV DUH LQYROYHG ,Q WKH
VDPH YHLQ ZH KDYH WR NHHS WKH ZD\ PHVVDJHV





7KLV VXEVHFWLRQ JLYHV LQ )LJXUH  D SDUWLDO
LQVWDQWLDWLRQ RI9&30 WRPRGHO WKH WZR YHUVLRQV
RI WKH6XEVHD3LSHOLQH&3SUHVHQWHG LQ VHFWLRQ
7KH ILUVW YHUVLRQ RI WKH&3 LGHQWLILHG E\9& LQ
)LJXUH  LQYROYHV WZR SDUWQHUV YHUVLRQV RI
SURFHVVHV UHVSHFWLYHO\ 93 ZKLFK UHIHUV WR WKH
ILUVW YHUVLRQ RI WKH736SURFHVV DQG93 ZKLFK
UHIHUV WR WKH ILUVW YHUVLRQRI WKH6$5267SURFHVV
93VWDUWVZLWKDFRPSRVLWHDFWLYLW\&$ZKLFKLV
D VHTXHQFH LQYROYLQJ WKH ILUVWYHUVLRQRI736¶ VWDUW
HYHQW WKH DFWLYLWLHV WR EH SHUIRUPHG DQG WKH ILUVW
YHUVLRQRI736¶HQGHYHQW'XHWRODFNRIVSDFHDQG
IRU FODULW\ UHDVRQVZHRQO\ VKRZ WKHVWDUW HYHQWRI
736 9( DORQJ ZLWK WKH WZR ILUVW DFWLYLWLHV RI
736Prepare TSUHSUHVHQWHGDVWKHYHUVLRQ9$$
DQGSend TSUHSUHVHQWHGDVWKHYHUVLRQ9$$:H
GR QRW GHWDLO WKH RWKHUV DFWLYLWLHV EXW MXVW LQGLFDWH
WKDW DQRWKHU FRPSRVLWH DFWLYLW\ LV XVHG WR LQGLFDWH
WKDW DIWHU 6HQG 76 WKHUH LV D FKRLFH WR SHUIRUP
5HJDUGLQJ93LWVVWDUWVZLWKDFRPSRVLWHDFWLYLW\
&$ZKLFKLVDVHTXHQFHLQYROYLQJWKHILUVWYHUVLRQ
RI 6$5267¶ VWDUW HYHQW WKH DFWLYLWLHV WR EH
SHUIRUPHG DQG WKH ILUVW YHUVLRQ RI 6$5267¶ HQG
HYHQW )RU WKH VDPH UHDVRQV ZH RQO\ IRFXV RQ
6$5267¶ VWDUW HYHQW DQG WKH Receive TS DQG
Feasibility Study DFWLYLWLHV UHSUHVHQWHG DV YHUVLRQV
UHVSHFWLYHO\ GHQRWHG DV 9$$ DQG 9$$7KH
ILUVWYHUVLRQRIWKHFROODERUDWLRQ9&LQYROYHVWKH
WZR YHUVLRQV RI 736¶V DQG 6$5267¶V SURFHVVHV
93DQG93JUHHQUHODWLRQVKLSDQGHDFKRIWKH
SURFHVV SOD\V D VSHFLILF UROH LQ WKH FROODERUDWLRQ
UHVSHFWLYHO\FXVWRPHUDQGVXSSOLHU,QDGGLWLRQWKH
PHVVDJH 0 LV H[FKDQJHG LQ WKLV FROODERUDWLRQ
JUHHQ UHODWLRQVKLS LW UHIHUV WR WKH 9,5
LQIRUPDWLRQDO UHVRXUFH DQG LW LV LQYROYHG LQ WKH




93 WKH ILUVW YHUVLRQ RI WKH6$5267¶V SURFHVV
93LWPHDQVLWLVWKHVDPHYHUVLRQRIWKLVSURFHVV
LQYROYHG LQ WKH WZR YHUVLRQV RI WKH FROODERUDWLRQ
DQG WKH ILUVW YHUVLRQRI WKH&2II¶VSURFHVV 93
7KLV YHUVLRQ LV D VHTXHQFHRI3¶ VWDUW HYHQW WKUHH
YHUVLRQVRIWKHReceive Request for TSPrepare TS
DQGSend TSDFWLYLWLHVDQG3¶HQGHYHQW5HJDUGLQJ
93 LW LV D VHTXHQFH RI 3¶ VWDUW HYHQW 9$$
ILUVW YHUVLRQ RISend Request for TS DFWLYLW\ DQG
9$$VHFRQGYHUVLRQRISend TSDFWLYLW\GHULYHG
IURP9$$ %HFDXVH RI VSDFH OLPLWDWLRQ ZH GR
QRW GHWDLO DQ\PRUH WKLV SURFHVV YHUVLRQ ,Q WKLV
FROODERUDWLRQ WZR PHVVDJHV DUH H[FKDQJHG UHG
UHODWLRQVKLS 90 H[FKDQJHG EHWZHHQ 736 DQG
6$5267 DV LQ WKH ILUVW FROODERUDWLRQ YHUVLRQ DQG
90FRUUHVSRQGWRDPHVVDJHH[FKDQJHGEHWZHHQ
WKH WZR SXEOLF DFWLYLWLHV Send Request for TS
9$$ IURP 736 DQG Receive Request for TS
9$$IURP&2IIUHSUHVHQWHGLQEOXH
 &21&/86,216
7KLV SDSHU KDV SUHVHQWHG 9&30 D PHWDPRGHO
DGGUHVVLQJ &3 IOH[LELOLW\ LVVXH 9&30 H[WHQGV
9%30 D SUHYLRXV FRQWULEXWLRQ IRU PRGHOOLQJ




QHFHVVDU\ FRQFHSWV IRU PRGHOOLQJ YHUVLRQV RI
FROODERUDWLRQV VXFK DV SDUWLFLSDQWPHVVDJH SULYDWH
DQG SXEOLF SURFHVVHV IRU FROODERUDWLRQV 7KH SDSHU
DOVR KLJKOLJKWV KRZ9&30 FDQ EH LQVWDQWLDWHG WR
PRGHO YHUVLRQV RI FROODERUDWLRQ IRU WKH 6XEVHD
3LSHOLQHH[DPSOH
7KH DGYDQWDJHV RI 9&30 DUH WKH IROORZLQJ
)LUVW WKHQRWLRQRIYHUVLRQLVZHOOVXLWHGWRDGGUHVV
SURFHVVIOH[LELOLW\LQDFROODERUDWLYHFRQWH[WVLQFHLW
VXSSRUWV WKH PRGHOOLQJ RI SURFHVV HYROXWLRQ
YDULDELOLW\ DQG DGDSWDWLRQ 6HFRQG 9&30
FRQVLGHUV FKDLQHG VXEFRQWUDFWLQJ DQG ORRVHO\
FRXSOHG &3V ZKRVH FRQWURO PD\ EH FHQWUDOLVHG RU
GLVWULEXWHG %UHX et al.  7KLUG 9&30
GHILQHV WKH FRUH FRQFHSWV RI FROODERUDWLYH SURFHVV
PRGHOOLQJ0DOHNDQDQG$IVDUPDQHVK
$V IXWXUH ZRUNV ZH KDYH SODQQHG WR DGGUHVV
G\QDPLFDVSHFWVRI9&30GHILQLQJRSHUDWLRQVIRU
ERWK PDQDJLQJ FROODERUDWLRQ YHUVLRQV DQG
DXWRPDWLFDOO\ GHGXFLQJ IURP SXEOLF DQG SULYDWH
DFWLYLWLHVRISURFHVVHVWKHFRUUHVSRQGLQJSULYDWHDQG
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